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H I G H L I G H T S
• Litter quality is the key driver of initial litter decomposition at the global and regional scale. • MAT has a low explanatory power on initial litter decomposition and is litter specific. • MAP significantly affected litter decomposition but has low explanatory power. • When data were aggregated at the biome scale, climate played a significant role on decomposition. • The TeaComposition initiative is a low-cost standardized metric on litter decomposition.
G R A P H I C A L A B S T R A C T a b s t r a c t
Through litter decomposition enormous amounts of carbon is emitted to the atmosphere. Numerous large-scale decomposition experiments have been conducted focusing on this fundamental soil process in order to understand the controls on the terrestrial carbon transfer to the atmosphere. However, previous studies were mostly based on site-specific litter and methodologies, adding major uncertainty to syntheses, comparisons and metaanalyses across different experiments and sites. In the TeaComposition initiative, the potential litter decomposition is investigated by using standardized substrates (Rooibos and Green tea) for comparison of litter mass loss at 336 sites (ranging from −9 to +26°C MAT and from 60 to 3113 mm MAP) across different ecosystems. In this study we tested the effect of climate (temperature and moisture), litter type and land-use on early stage decomposition (3 months) across nine biomes. We show that litter quality was the predominant controlling factor in early stage litter decomposition, which explained about 65% of the variability in litter decomposition at a global scale. The effect of climate, on the other hand, was not litter specific and explained b0.5% of the variation for Green tea and 5% for Rooibos tea, and was of significance only under unfavorable decomposition conditions (i.e. xeric versus mesic environments). When the data were aggregated at the biome scale, climate played a significant role on decomposition of both litter types (explaining 64% of the variation for Green tea and 72% for Rooibos tea). No significant effect of land-use on early stage litter decomposition was noted within the temperate biome. Our results indicate that multiple drivers are affecting early stage litter mass loss with litter quality being dominant. In order to be able to quantify the relative importance of the different drivers over time, long-term studies combined with experimental trials are needed.
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Introduction
Through litter decomposition N50% of net primary production is returned to the soil (Wardle et al., 2004) and 60 Pg C year −1 is emitted to the atmosphere (Houghton, 2007) . Depending on the type of ecosystem, the quantity of soil organic carbon (SOC) in the top 1-m depth range from 30 tons/ha in arid climates to 800 tons/ha in organic soils in cold regions, with a predominant range from 50 to 150 tons/ha (Lal, 2004) . The amount of SOC is determined by the balance of carbon inputs from primary production and losses through the decomposition of organic matter over time (Olson, 1963) . However, there is a large degree of variability in this balance and more research is needed for a better mechanistic understanding of decomposition processes at various scales and for a more accurate estimation of present and future global carbon budgets (Aerts, 2006) .
Decomposition of plant litter may be divided into at least two stages (e.g. Berg and McClaugherty, 2008) . The early stage of decomposition (ca. 0 to 40% mass loss) is characterized by leaching of soluble compounds and by decomposition of solubles and non-lignified cellulose and hemicellulose (Couteaux et al., 1995; Heim and Frey, 2004) . The late stage (ca. 40-100% mass loss) encompasses the degradation of lignified tissue. In general, microbial decomposition of organic substrates is controlled by both biotic factors (substrate quality and microbial community composition) and abiotic factors (temperature and moisture; Gavazov, 2010) . Research to understand the impact of global changes such as climate on decomposition processes has typically been conducted at individual sites and/or through cross-site observations and experiments (e.g. Emmett et al., 2004; Heim and Frey, 2004; García Palacios et al., 2013) . This has sometimes lead to controversial conclusions since the observed decomposition may be dependent on local litter quality used in the study and the factors controlling decomposition may be influenced by the methodologies and experimental designs applied. Consequently, comparisons across observations and common conclusions may be hampered. For example, early stage decomposition (mainly microbial) has been reported to be primarily controlled by climate and major nutrients in pine needle litter (Berg and McClaugherty, 2008) , by microbial and nematode communities in pine needle litter (García Palacios et al., 2016) , by litter content of water soluble substances (Heim and Frey, 2004) and by soil temperature and soil pH for a maize straw-soil mixture (Djukic et al., 2012) . At regional and global scales, litter decomposition has been reported to be controlled by climate and litter quality (explaining about 60-70% of litter decomposition rates; Parton et al., 2007) and by soil meso-and microfauna communities (explaining about 7%; Wall et al., 2008) . However, at the biome scale the metadata-analysis by García Palacios et al. (2013) showed that the variables controlling decomposition vary with decomposition in cold and dry biomes being mostly controlled by climatic conditions while soil fauna seemed to have a more defining role in warm and wet biomes. Moreover, Bradford et al., (2014) showed that climate has a main control on decomposition only when local-scale variation is aggregated into mean values. In order to pinpoint the specific drivers of litter decomposition across various litter types with different decomposition rates and across multiple sites, standardized studies across sites and regions are needed (Wickings et al., 2012; Handa et al., 2014; Parsons et al., 2014) .
Decomposition studies across multiple sites using standardized methods already exist within observational networks or experimental studies such as GLIDE (Global Litter Invertebrate Decomposition Experiment - Wall et al., 2008) , LIDET (Long-term Intersite Decomposition Experiment Team -Adair et al., 2008) , CIDET (Canadian Intersite Decomposition Experiment -Trofymow and CIDET Working Group, 1998) , DIRT (Detrital Input and Removal Experiment -Nadelhoffer, 2004) , BioCycle (Biodiversity and biogeochemical cycles: a search for mechanisms across ecosystems - Makkonen et al., 2012) , DECO (European Decomposition project - Johansson et al., 1995) , CANIF (Carbon and Nitrogen Cycling in Forest Ecosystems project - Persson et al., 2000) , MICS (Decomposition of organic matter in terrestrial ecosystems: microbial communities in litter and soil - Cotrufo et al., 2000) , VULCAN (Vulnerability assessment of shrubland ecosystems in Europe under climatic changes - Emmett et al., 2004) , and VAMOS (Variation of soil organic matter reservoir - Cotrufo et al., 2000) . Results from these have been used by predictive models such as Yasso07 (Tuomi et al., 2009) and in meta-analyses such as the ART-DECO project (Cornwell et al., 2008) . These studies have all provided important information on the decomposition of litter, but have been limited to specific biomes or ecosystem types or have used site specific litter.
Therefore, despite the many efforts, a general understanding of the litter decomposition process and its driving factors is hampered by (1) use of site-or network/project-specific litters and methodologies (e.g. different study lengths, litter bag mesh sizes, incubation depths, litter type and litter mixes; García Palacios et al., 2013) , and (2) the low number of global studies that go across all biomes (Bradford et al., 2016) . This study presents results from the TeaComposition initiative which uses standard litters (tea bags - Keuskamp et al., 2013) and a common protocol allowing global and long-term application to overcome these limitations by providing standardized litter decomposition measurements across broad spatial scales. This paramount importance of standardized methods has alo been emphasized by Haase et al., 2018 and Mollenhauer et al., 2018 in press. The study presents early stage litter mass loss across nine biomes with the aim to determine and compare globally the main drivers of decomposition at present climatic conditions. The early stage decomposition is generally expected to show greater mass loss rates and a dynamic response of mass loss to controlling factors (e.g. Heim and Frey, 2004; Pérez-Suárez et al., 2012) . Therefore the specific objectives of the study were to estimate the variation in early stage mass loss of two litter types worldwide, to explore the linkage of early stage litter mass loss with key drivers (climate, litter type, land-use), and to explore whether the relative importance of the drivers differ between the litter types. Our research questions are (1) does early stage litter mass loss of Green tea and Rooibos tea vary at the global scale due to the different litter qualities (Didion et al., 2016; Keuskamp et al., 2013) , (2) are abiotic drivers controlling the initial stage of mass loss (Bradford et al., 2016) with temperature being the main regulating factor in the cold biomes and precipitation in the warmer biomes (Adair et al., 2008) , and (3) does early stage litter mass loss vary between land-use types due to changes in the microclimates (Fig. 1 ).
Material and methods

Background of the TeaComposition initiative
The TeaComposition initiative was started in summer 2016. The main objective is to investigate long-term litter decomposition and its key drivers at present as well as under different future climate scenarios using a common protocol and standard litter (tea) across nine terrestrial biomes. It is one of the first comprehensive global studies on litter decomposition focusing on the litter decomposition in the topsoil and the degradation of the main litter components (lignin, cellulose and hemicellulose) to carbon dioxide and soluble or leachable compounds. As a collaborative network the TeaComposition initiative has involved a large number of international research projects and networks with observational or experimental approaches, which are relevant for increasing our mechanistic understanding of decomposition processes as well as for improving the predictive power of process-based models.
Study sites
The TeaComposition initiative comprises 570 sites across nine terrestrial biomes (Fig. 2) . Here "biome" is defined as a region with specific macroclimate and its classification was done according to Walter and Breckle (1999) . In this study, data from 336 sites were used for analyses. Some of the sites included manipulation experiments (e.g. including treatment plots such as fertilizer addition or climate manipulation) in which case only the tea bags from the untreated control plots were used in the analyses. Sub-sites with different conditions (e.g. tree species diversity experiments or altitudinal gradients) were considered as single sites.
Overall, the sites represented all terrestrial biomes (Table 1 ) and each site provided information on location (i.e. coordinates), climate (averaged monthly or daily temperature (MAT) and cumulative precipitation (MAP)), vegetation type, and specific land-use (Table S2 ). Climate data were measured at the site or taken from nearby weather stations. In cases where no climate data were provided, data were extracted from WorldClim (Fick and Hijmans, 2017) . The mean annual air temperature (MAT) in our dataset ranges from −9 to +26°C and the mean annual precipitation (MAP) from 60 to 3113 mm (Table 1 ; Site specific data can be found in the Table S2 ). Since sites were assigned to different land-use categories from different classification schemes, we reclassified them into five broader classes: arable, forest, grassland, shrubland and wetland based on the site description.
Method and study design
The TeaComposition initiative uses tea bags as a standardized metric for decomposition as proposed by Keuskamp et al. (2013) , and applies a standardized protocol adapted to match global and long-term applications. The standardized protocol ensures: (i) use of the same batch of tea bags assuring the same substrate quality for all sites, (ii) harmonized start of the decomposition at the same season at the year for northern and southern hemisphere (i.e. start in summer; June-August in northern hemisphere and December-February in southern hemisphere), (iii) comparable incubation depth at the upper 5 cm of the soil relevant for litter decomposition, and (iv) standardized and comparable incubation times covering both short and long term dynamics with incubation times extending to three years (sampling points after 3, 12, 24, and 36 months).
Two types of tea material with distinct qualities are being used; the Green tea viz. green leaves (Camellia sinensis; EAN no.: 8 722700 055525) with high cellulose content and expected fast decomposition, and rooibos tea (Aspalanthus linearis; EAN no.: 8 722700 188438) with high lignin content and expected slow decomposition (Keuskamp et al., 2013) . The bag material is made of Tables 1 and S2 for more detailed information. Classification of the biomes was according to Walter and Breckle (1999) . (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) woven nylon and has a mesh size of 0.25 mm allowing access of microfauna (Bradford et al., 2002) in addition to microbes and very fine roots. Before the start of the incubation all tea bags were oven-dried at 70°C for 48 h and the initial weight was recorded (overall mean = 1.81 g, s.d. = 0.10). Each bag was identified with a unique number and was buried in the upper 5 cm of the top soil layer during summer seasons in both the northern and southern hemisphere. At least two homogenous areas (plots) were selected (at least 1 m apart) at each site. Two replicates of the two litter qualities (Green tea and Rooibos tea) were installed in each of the two blocks, resulting in minimum 4, maximum 250, and in average 8.33 bags of each tea type per site and sampling time. Tea bags were collected at all sites after a field incubation period of three months. The tea bags were cleaned from soil and roots, oven dried (70°C for 48 h), and the weight of the remaining tea (without bag) was recorded. Instead of weighing incubated tea bags (as often damaged, tag dissolved or rope missing) an averaged bag weight (40 empty tea bags; 0.248 g per bag) was used to estimate the amount of the tea before the incubation. If the collected tea bags were visibly contaminated with soil, ash content (refers to the mineral residue after removal of organic matter by ignition) was determined by heating in a muffle oven at 500°C for 16 h, in order to correct for the mineral part (Soil Survey Staff, 2004).
Data analyses
Because not all tea bags were incubated for exactly three months (overall mean = 92 days, s.d. = 13.2) we linearly standardized all mass loss data to a fixed period of 90 days prior to data analyses. As such, the reported mass loss data therefore represent a rate of mass loss over 90 days.
Differences in tea mass loss across biomes and between tea types
We quantified differences in remaining litter mass between biomes using linear mixed models with biome and tea type as fixed factors and site as a random factor accounting for the dependence in observations within site. Residual plots were visually inspected for deviations from model assumptions. If the interaction between biome and tea type was significant, multiple comparisons between biomes within each tea type were tested applying post hoc contrasts with P-values adjusted for multiplicity with the single-step method (Hothorn et al., 2008) .
To quantify the different sources of variation in our data we used a linear mixed effect model with a nested structure (sites nested within biome). Biome and site were set as random factors and tea type as a fixed factor. We then ran separate analyses for each tea type to investigate whether biome, site and individual tea bags accounted differently for the variation for each tea type.
Effects of climate on the initial litter mass loss
To investigate the effects of climatic variables on remaining tea mass after three months of field incubation we applied linear mixed models with local climate as fixed factors and site as random factor. We used local climate data (average monthly air temperature and total precipitation) measured at nearby weather stations during the period of incubation when data were available (n = 124; Fig. 4 ; Table 2 ). For sites with no local climate data, we imputed the monthly averages of temperature and the total precipitation for the corresponding measurement period from WorldClim (Fick and Hijmans, 2017) . Whereas local climate represent the weather conditions measured at the sites during the incubation period, WorldClim represents the average climate for the period 1970-2000. We assessed the congruency between the two types of climate data by also running models including only the sites where both types of data were available. The results were qualitatively similar to the model including all sites. Moreover, local and WorldClim climate data were highly correlated (precipitation: r = 0.83; P b .01; temperature: r = 0.87, P b .01, Pearson's product moment correlation).
We modeled the remaining mass as a function of tea type, temperature and precipitation. Differences between litter types were tested by including interaction terms for tea type with both climatic variables. We used backward selection for model simplification until only significant terms remained in the final model. When a significant interaction with tea type was found, we used post hoc contrasts to test for significant relationships between the climatic variable and each tea type (i.e. test for slope different from 0); P-values were adjusted for multiplicity using a single-step method based on the joint normal distribution. Goodness of fit for these models were calculated based on marginal and conditional R 2 (Nakagawa and Schielzeth, 2013) . Because climatic effects on decomposition can depend on the spatial scale of the observation (Bradford et al., 2014) we conducted a separate analysis, using the average remaining mass, temperature and precipitation, aggregated at the biome level. We tested for effects of climate factors using simple linear models, with temperature, precipitation and their interaction as independent variables. Significant interactions were further tested as described above. 
Effects of land-use on the initial litter mass loss
We tested for differences in remaining tea mass between land-use types only for the temperate biome as this was the only biome with enough sites of the different land-use categories. We used a mixed model including land-use, tea type and their interaction as fixed factors and site as random factor. Separate models were used for each tea type to further explore differences. If the interaction between land-use type and tea type was significant, multiple comparisons among land-use types within each tea type were tested using post hoc contrasts with P-values adjusted for multiplicity with the single-step method.
All statistical analyses were conducted with R (version 3.1.2; R core team 2014). The level for detecting statistical differences was set at P b .05. The lme4 package (Bates et al., 2015) was used for fitting the mixed models and the multcomp package (Hothorn et al., 2008) was used for multiple comparisons. The percentage of variance explained by the fixed and the different random components was calculated using the "variancePartition" package in R (Hoffman and Schadt, 2016) .
Results
Relative importance of litter quality on mass loss across biomes
Across all biomes, tea mass remaining after three months of field incubation ( Fig. 3 ) was higher for Rooibos tea (78%, SD = 10.31) than for Green tea (38%, SD = 15.86). Overall, similar mass loss patterns were recorded for both tea types across biomes with tendencies or significantly higher mass loss at warm and humid climates compared to the dry and/or cold biomes. However, there was a significant interaction between biome and tea type (F = 84; P b .01) indicating that some differences between biomes depend on tea type. For Rooibos tea, significantly lower remaining mass was found at sites in equatorial-humid climate. For Green tea, we found the highest remaining mass at the sites from the aridsubtropical and Mediterranean climates, which were significantly different from the sites found in cooler and more humid biomes (Fig. 3 ).
The analysis of data variation showed that 65% of the variation in the remaining litter mass was related to tea type while 13% was related to biome ( Fig. 3 ). The variation was 11% within biomes and 11% within sites.
Effects of climate on the initial litter mass loss
Our final model showed that climatic variables had different effects on early stage decomposition. Remaining mass loss decreased with increasing precipitation. This pattern was similar for both tea types as revealed by the not significant interaction between tea type and precipitation (F = 0.01, P = .96). We also found a significant interaction between tea type and temperature (F = 64, P b .01) indicating that the response of mass loss to temperature depends on tea type, i.e. litter quality. However, the analyses using post hoc contrasts showed that temperature did not have any significant effect on any of the tea types (Table 2 ; Fig. 4 ).
In contrast, the biome-scale analyses focusing on the mean values for the given biome revealed some variation in remaining litter mass loss from low (equatorial humid climate) to high (arid subtropical and Mediterranean climates) mass losses ( Fig. 5a ). In the linear models, we found a non-significant interaction between tea type and MAP (F = 0.20, P = .66); and between tea types and MAT (F = 0.39, P = .54). Whereas MAT had no effect (F = 0.64, P = .43), remaining mass decreased with increasing MAP for both tea types (Table 3) .
Effects of land-use on the initial litter mass loss
We used the data set from the temperate biome (228 sites out of 250; Table 1 ) to test the effect of land-use on litter mass loss. The model for land-use effects showed a significant interaction between land-use and tea type (F = 41, P b .01). However, post hoc contrasts showed no differences among land-use types for either Green or Rooibos tea (all comparisons: P N .05).
Discussion
The early stage of litter decomposition is a highly dynamic phase and therefore important for the understanding of litter decay and the controlling factors across biomes and ecosystem types. Here we studied the early stage mass loss of two standardized litter types (Green tea and Rooibos tea) across 336 sites globally and found that the litter type (quality) was the Fig. 4 . Relationship between remaining mass of Green tea and Rooibos tea and temperature (A) and precipitation (B) after the 3-month incubation period. Climatic variables were obtained from local weather stations or from WorldClim for sites with no data. Circles show the mean values for each site and bars the standard errors. The regression line from the minimum adequate model is plotted only for the significant effects of precipitation and is obtained using only fixed factors. Band shows 95 confidence interval. main determinant of the mass loss while climate and land use had little effect.
Substrate quality effects on litter decomposition
The effect of initial litter quality (chemical and physical composition) has been reported to be one of the key drivers of litter decomposition (Bradford et al., 2016; Cornwell et al., 2008; Heim and Frey, 2004) . In our study, the litter type also had a strong control on initial decomposition as Green tea consistently decomposed faster than Rooibos tea ( Fig. 3 ). Faster initial decomposition of Green tea is expected due to its higher fraction of water-soluble compounds in contrast to the low content of soluble or hydrolysable compounds in Rooibos tea (Didion et al., 2016) . The mass loss of the litter during this early stage may be more related to the leaching losses than to microbial mineralization of soil organic C at the early stage of decomposition. In a pilot study, we measured changes in the initial weight after 3-4 min of cooking (n = 332) and recorded a weight loss of 31% for Green tea compared to 17% for Rooibos tea. Similar observation was made within different urban soil habitats by Pouyat et al. (2017) . Moreover, Green and Rooibos tea differ in their carbon and nutrient chemistry (Keuskamp et al., 2013) and physical features (Didion et al., 2016) . In a meta-analysis of the factors influencing mass loss rates involving 70 published studies, Zhang et al. (2008) demonstrated, similar to our study, the direct influence of litter quality (C:N ratio and total nutrient content) on mass loss rates. The mass loss of both tea types decreased when precipitation increased (Table  2) which is in agreement with several studies showing a positive relationship between moisture availability and decomposition rates (Gholz et al., 2000; Prescott, 2010; García Palacios et al., 2016) .
Overall, litter type explained 65% of the variability in litter mass loss at the global scale, which in turn implies that potential shifts in the relative abundance of vegetation types in the future caused by climatic changes could have large effects on global carbon budgets alone due to the differences in litter quality and consequently decomposition rates (Cornwell et al., 2008; Cornelissen et al., 2007) .
Climate effects on litter mass loss
Across biomes, climatic factors are assumed to have a significant influence on litter decomposition by affecting the activity of decomposer organisms (Bradford et al., 2014) ; namely for every 10°C increase in temperature a doubling of microbial decomposition is anticipated (Q 10 = 2; Friedlingstein et al., 2006) . Here, processes in the topsoil deserve special attention since they are particularly exposed to dynamic changes in environmental conditions.
We analyzed the across-site variation in initial litter mass loss at the site and biome scales. In this study, investigated sites are spread across large temperature and moisture gradients. We observed an effect of precipitation on early stage litter mass loss, while temperature did not show any significant effects ( Fig. 3 ). Mean annual temperatures of b10°C and moisture contents of b30% or N80% have been suggested as inhibiting thresholds for litter decay (Prescott, 2010) . The absence of any significant effect of temperature on litter mass loss in our study may be a consequence of the fact that all sites incubated the tea bags during the "summer" under relatively favorable conditions where temperature values were generally within the "optimal" decay range. Furthermore, large variation in litter mass loss was observed for both litter types within any given biome ( Fig. 5a , Table 2 ) suggesting that local-scale factors (e.g. soil properties, soil water content, disturbances) other than climate had strong controls on regional litter mass loss dynamics (Cornwell et al., 2008) . Similarly, Ise and Moorcroft (2006) reported a low temperature sensitivity of decomposition (Q 10 = 1.37) at the global scale. On the other hand, when examined separately, climate explained 40% (Table 1 ). The regression line is from a simple linear model showing significant effects for Green (R 2 = 0.40) and Rooibos (R 2 = 0.64). of the variation for Green tea and 64% for Rooibos tea when the mean litter mass loss values were used for the given biome ( Fig. 5b , Table 3 ). A similar finding was reported by Bradford et al. (2014) , where the explanatory power of climate was increased to 84% when analyses were conducted on aggregated data. Interestingly, early-stage litter mass loss of both litter types were comparable across all biomes (Fig. 3 ). The relative mass losses observed in the arctic sites may seem surprisingly high relative to the other warmer biomes. However, the study was carried out in the "summer season" where climatic conditions, even at the arctic sites are rather mild and warm and therefore favorable for decomposition (Couteaux et al., 1995) . On the contrary, sites in the warmer biomes received less precipitation in the summer often being below potential evapotranspiration and leading to soil moisture deficit which again may result in lower mass losses. However, it has to be kept in mind that the results for arctic and arid-temperate biomes are based on a lower number of sites and should be interpreted with caution.
The data in this study collected during the growing season revealed that direct climatic control on early stage decomposition is of relatively minor importance. Instead, indirect climatic effects (e.g. plant community structure and associated microclimate, soil organic matter quality and structure of decomposer communities) may play a relatively stronger role in the early stage decomposition and may mask any importance of direct climatic controls (Aerts, 1997) .
Land-use effects on litter mass loss
Long-term prevailing climatic conditions together with human activities define plant species composition and ecosystem structure, which in turn may affect decomposition rates. We did not observe any significant effects of land-use or management practices on the initial litter decomposition in the temperate biome. This may be caused by microbial decomposition not being limited by nutrients during the growing season. Another reason may be that in the early stage decomposition mineralization of labile C compounds is carried out by many groups of microorganisms while in the later stage of decomposition, decomposer groups may become more selected due to increased substrate complexity which in turn might lead to differences in litter mass loss between the land-use types (McGuire and Treseder, 2010) . Hence, home-field advantage (Gholz et al., 2000) is expected to explain a fraction of the remaining variability at later and more advanced stages of decomposition. A detailed definition of different land-use categories would be necessary in order to be able to run more specific data analyses across all biomes.
Conclusions
Our study showed that litter type has the strongest influence on mass loss globally in the early stage of decomposition, while the effect of climate was only important under less favorable climatic conditions and when data were aggregated at the biome scale. This finding is particularly relevant for the general understanding of litter and carbon dynamics in relation to biosphere-atmosphere feedback, since the early stage litter decay is responsible for a significant fraction of the carbon loss from litter, and because the lack of site specific climate control for this decomposition phase should be reflected in soil carbon models. The short-term period of just three month incubations used in this study provides insight into the short mass loss dynamics of plant litter. On the other hand the results cannot be extrapolated to capture a reliable signal of the long term nature of the decomposition rates, because long term decomposition involves other litter components and the drivers are likely to vary at spatial and temporal scales (Couteaux et al., 1995; Berg, 2014) . Therefore caution should be payed when extrapolating from short-term to long-term rates (Moore et al., 2017) . Therefore, the TeaComposition initiative includes additional sampling points after 12, 24, and 36 months, which will provide long term litter decomposition dynamics globally. Repeated observations over time (medium to long-term data) are essential for improving our understanding of the long term decay process of plant litter. Further, in addition to the observational networks included in this study (e.g. ILTERsee Mirtl et al., this issue, in press ), the TeaComposition initiative includes studies across collaborative experiments which are needed to identify and quantify the relative importance of multiple drivers (Verheyen et al., 2017; Borer et al., 2014) .
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